In this work we propose the use of a liquid crystal spatial light modulator (LC-SLM) as a useful tool to teach and experience diffraction and signal processing. The LC-SLM acts as a programmable pixelated diffractive mask. The Fourier spectra of the image displayed in the LC-SLM is visualized through a simple free propagation diffraction experiment. This optical system allows easily testing different diffractive elements and performing several signal processing experiments. As a demonstration we include experimental results with diffraction gratings, computer generated holograms, diffractive lenses and axicons.
Introduction
Diffraction is a classical subject taught extensively on Physics or Engineering degrees [1] . Within the Fraunhofer approximation, a Fourier transform relation links the diffraction pattern with the transmittance of the diffractive mask. Classical diffraction patterns that are studied in many textbooks are those produced by rectangular or circular apertures, or diffraction gratings [2] . However, the possibility that students test and even design their own diffraction masks is very interesting from the comprehensive point of view.
A liquid crystal spatial light modulator is an optoelectronic device commonly found in commercial projection displays. Under proper configuration of the external polarization elements, these devices can produce an amplitude-only or a phase-only modulation versus the addressed gray level [3] . Figure 1 shows the experimental setup, where we used a LC-SLM from CRL-Optics placed between a polarizer-waveplate pair. The proper orientation of these polarization elements makes the display act as a phase-only or amplitude-only mask.
This possibility makes this device very interesting in applications in diffractive optics. The diffractive mask can be programmed in real time from a computer. Therefore, once the optical system has been aligned, the students can easily produce different diffraction patterns simply by modifying the image that is being addressed to the display. Very different diffractive elements can This paper is freely available as a resource for the optics and photonics education community.
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Experimental diffraction results
In figure 2 we present some of the possibilities. Figure 2 (a) corresponds to the case when a uniform gray level image is addressed to the LC-SLM screen. Since the device is pixelated, it acts as two-dimensional grating. The diffraction pattern consists in the typical square grid of the diffracted orders. Figure 2 (b) corresponds to the case when a computer generated hologram is displayed. The computer generated hologram is a kinoform i.e., the phase of the Fourier transform of the input object (in this case a butterfly). The reconstruction shows the typical edge enhanced version of the input object [4] . Let us note that the Fourier transform spectrum obtained optically consists on different replicas of the kinoform reconstruction.
They are centred at the locations of the diffraction orders shown in Fig. 1(a) . These replicas are the convolution of the original reconstruction of the kinoform and the diffraction orders generated by the pixelated structure of the display. This is a very nice visualization of the two dimensional Whittaker-Shannon sampling theorem [2] which evidences the limited spatial sampling produced by the pixelization of the device. In figure 2 (c) a binary amplitude grating is addressed to the LC-SLM. The grating is oriented horizontally, so the typical diffracted orders appear vertically. Again, the set of diffracted orders can be viewed as the convolution of those generated by the pixelated structure with those generated by the addressed grating. Finally, Fig. 2 (d) corresponds to the case when an axicon [5] is displayed on the LCD. The reconstruction consists in concentric circles around every diffraction order. For this diffractive element the sampling limit imposed by the pixelization is not enough, and the reconstructions overlap.
(a) (b) (c) (d) Figure 2 . Experimental diffraction patterns generated by: (a) A uniform image, (b) a phase only computer generated hologram, (c) a grating and (d) a binary axicon.
The real-time flexibility that the LC-SLM provides permits to design and test amazing optical diffractive masks. As an example in figure 3 we show a diffractive phase-only mask which is obtained by combining a phase-only computer generated hologram with a Fresnel lens. We add the two phase functions and we display the resulting function on the LCD [6] . In the four cases shown in Fig. 3 we add Fresnel lenses with different focal lengths to the same phase-only computer generated hologram. In this figure we only show the central reconstruction. Because of the different quadratic phase factors of each Fresnel lens, the reconstruction appears in different planes and with different size. In addition, another interesting effect happens due to the resolution limit of the display. If the quadratic phase varies fast enough, the inherent sampling due to the pixelated structure causes a multi-focus effect on the Fresnel lens [7] . Therefore the reconstruction consists on different replicas of the original reconstruction. The shorter the focal length of the Fresnel lens, the larger the number of replicas generated. This shows another amazing consequence of the sampling theorem, in this case applied to the quadratic phase of a Fresnel lens. Figure 3 . Experimental diffraction patterns generated by a phase-only diffractive mask obtained by adding the phase of a computer generated hologram with the quadratic phase characteristic of a Fresnel lens. From left to right the focal length of the Fresnel lens is decreased.
Conclusion
In summary, the LC-SLM is a very interesting optical device useful to experience many diffraction and signal processing effects. Therefore it can be a very useful tool to teach and experience these subjects.
